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ABSTRACT
We present a study of the old open cluster Trumpler 5 (Tr 5), based on the CDS archival
data. From the color-magnitude diagrams of Tr 5, we have found the positions of main-sequence
turn-off (MSTO) and red giant clump (RGC) stars. Using the mean magnitude of the RGC stars,
we have estimated the reddening toward Tr 5, E(B − V ) = 0.60± 0.10. Using the stars common
in two data sets and the theoretical isochrones of Padova group, we have estimated the distance
modulus V0 −MV = 12.64± 0.20 (d = 3.4± 0.3 kpc), the metallicity [Fe/H] = −0.30± 0.10, and
the age of 2.4± 0.2 Gyr (log t = 9.38). These metallicity and distance values are consistent with
the relation between the metallicity and the Galactocentric distance of other old open clusters,
for which we obtain the slope of ∆[Fe/H]/Rgc = −0.064± 0.010 dex kpc
−1.
Subject headings: open clusters and associations: individual (Trumpler 5) – Galaxy: disk – Galaxy:
stellar content – Galaxy: structure – Hertzsprung-Russell diagram
1. Introduction
Old open clusters, with ages greater than ∼ 1
Gyr, are an important tool for the study of the for-
mation and the early evolution of the Galactic disk
(Friel 1995; Chen, Hou, & Wang 2003). Trumpler
5 (Tr 5; α = 06h 36m 32s, δ = +09◦ 29′ 25′′,
J2000.0) is located in anti-Galactic center region
with very small galactic latitude (l = 202.◦86, b =
+01.◦05).
Dow & Hawarden (1970) obtained distance
modulus (m − M)V = 14.40 and reddening
E(B − V ) = 0.80 which give a true distance
modulus of (m − M)0 = 11.92 (d=2.4 kpc) us-
ing total-to-selective extinction ratio of R = 3.1,
though their color-magnitude diagram have some
scatter (Janes & Adler 1982). Kalinowski (1974)
and Kalinowski et al. (1974) observed a very red
(B − V ≈ 6.1 mag) carbon star, V493 Mon, and
suggested that this star is possibly a member of Tr
5 adopting (m−M)0 = 12.3±0.1 (d=2.9±0.1 kpc)
and E(B − V ) = 0.48 for Tr 5. Kalinowski (1975)
performed photoelectric and photographic pho-
tometry for 1300 stars in Tr 5, and presented the
visual absorption AV ≈ 2.1 mag and diameter of
>
∼ 12
′(8.4 pc) for Tr 5 at an assumed true distance
modulus of (m − M)0 = 11.9 ± 0.3 (d=2.4 ± 0.3
kpc). Piccirillo, Kalinowski, & Wing (1977) found
three M giants, three K giants, and another car-
bon star with a color temperature of about 4000
K. These authors adopted (m − M)0 = 11.4
(d=1.9 kpc) and E(B − V ) = 0.6 for Tr 5. Kali-
nowski (1979) have used (m −M)V = 12.00 and
E(B − V ) = 0.64, which gives (m−M)0 = 10.02
(d=1.0 kpc) using R = 3.1 (Janes & Adler 1982).
Recently, Kaluzny (1998) have obtained BV IC
CCD photometry of Tr 5 using Kitt Peak National
Observatory 2.1m and 0.9m telescopes. He has ob-
tained the parameters for Tr 5 as (m−M)0 = 12.4
(d=3.0 kpc), E(B−V ) = 0.58, and age of 4.1 Gyr
(log t = 9.61). However, Kaluzny obtained the
reddening and age of Tr 5 by comparing the pho-
tometric values of Tr 5 and M67 (Montgomery et
al. 1993).
In this paper we present a new analysis of the
data for Tr 5 obtained by Kaluzny (1998). Section
2 describes the data sets used in this study and
Section 3 presents the color-magnitude diagrams
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of Tr 5. In Sections 4 and 5, the physical param-
eters of Tr 5, such as reddening, distance, metal-
licity and age, are derived. Section 6 discusses
the comparison of the derived results with those of
Kaluzny (1998) and the metallicity-Galactocentric
radius relation. Finally, a summary and conclu-
sions are given in Secion 7.
2. Observational Material
J. Kaluzny performed the observations of Tr 5
at the Kitt Peak National Observatory on 1990
Nov. 11 (run #1; KPNO 2.1m telescope + TEK1
CCD), on 1991 Oct. 6 (run #2; KPNO 2.1m tele-
scope + T1KA CCD), and on 1991 Oct. 10 – 11
(run # 3; KPNO 0.9m telescope + T1KA CCD).
The details on the observations and data reduction
can be found in Kaluzny (1998). Figure 1 shows
the fields covered by the three data sets super-
posed on the Digitized Sky Survey image of Tr 5.
The non-rectangular shape of the field #3 shows
that the photometry data of the field #3 in CDS
does not contain all the data of the stars in the
rectangular field.
The data sets from the three observing runs
were calibrated independently, giving systematic
differences less than 0.02 mag. The photometric
errors in the magnitude from the CDS data given
by Kaluzny (1998) are plotted against the V mag-
nitude in Figure 2.
3. Color-Magnitude Diagrams of Tr 5
Figure 3 shows the V −(V −I) and V −(B−V )
color-magnitude diagrams (CMDs) of the mea-
sured stars in Tr 5. Upper panels are for the stars
of good photometric qualities and lower panels are
for all the observed stars. Panels (a) and (d) are
for observing run #1, (b) and (e) are for the run
#2, and (c) and (f) are for the run #3.
The distinguishable features seen in the CMDs
of Figure 3 are: (i) there is a well-defined main-
sequence, the top of which is probably located at
(B − V ) ≈ 1.1, (V − I) ≈ 1.35, and V ≈ 16.7
mag (see Figure 2 of Kaluzny (1994) for the def-
initions of main-sequence turn-off (MSTO)); (ii)
there is a well-developed red giant branch and red
giant clump (RGC) stars at (B − V )RGC = 1.55,
(V −I)RGC = 1.82, and VRGC = 15.10 mag, which
is noted by crosses in the figures; (iii) as it goes
from panel (a) to (b) and to (c), the total num-
ber of stars increases, the thickness of the main-
sequence stars increases and there exist more stars
(probably field stars) brighter than the MSTO at
V ∼ 16.7 mag, which is reasonable and expectable
since the observing run #1 covers the smallest area
and the run #3 covers the widest area.
4. Reddening
Since Tr 5 is located at low Galactic latitude
(b = +01.◦05), it is expectable that the interstel-
lar reddening toward Tr 5 could be significant. We
have estimated the reddening toward Tr 5 using
the mean color of the RGC stars. Janes & Phelps
(1994) estimated the mean color and magnitude of
the RGC in old open clusters to be (B−V )0,RGC =
0.95 ± 0.10, and MV,RGC = 0.90 ± 0.40, when
the V magnitude difference between the RGC and
the main-sequence turn-off of the clusters, δV , is
greater than one. The mean colors of the RGC
are estimated to be (B − V )RGC = 1.55 ± 0.01
and (V − I)RGC = 1.82 ± 0.01, and the corre-
sponding mean magnitude is VRGC = 15.10± 0.05
mag. δV is estimated to be 1.6 ± 0.2 mag, and
the resulting reddening value is estimated to be
E(B − V ) = 0.60± 0.10.
5. Distance, Metallicity and Age
Using the mean magnitude of the RGC (Janes
& Phelps 1994) and that of the RGC of Tr 5
obtained in the previous section, we have esti-
mated the distance modulus of Tr 5 as V −MV =
14.2± 0.1.
For the stars common in the data sets of #1
and # 2, we have plotted the color-magnitude di-
agrams in Figure 4 and superimposed the ZAMS
relation (Sung & Bessell 1999; Sung 2001) and the
theoretical isochrones of Padova group (Bertelli et
al. 1994) which are reddened by E(B−V ) = 0.60
and E(V − I) = 0.80 and shifted according to
the apparent distance modulus of V −MV = 14.6
(panels (a) and (b)) and V − MV = 14.2 (pan-
els (c) and (d)). We have used the metallicity of
[Fe/H] = −0.30 and the age of 2.4 Gyr for Tr 5.
The distance modulus of V −MV = 14.6 gives bet-
ter fit to the main-sequence and sub-giant branch
than that of V −MV = 14.2. Therefore, we take
V − MV = 14.6 ± 0.2 as our final value. Using
the reddening values of E(B − V ) = 0.60 and
E(V − I) = 0.80 obtained above and the total-to-
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selective extiontion ratio (Guetter & Vrba 1989),
RV =
AV
E(B − V )
= 2.45
E(V − I)
E(B − V )
, (1)
we get RV = 3.26, AV = 1.96 mag, and the true
distance modulus of V0 −MV = 12.64 ± 0.2 mag
(d = 3.4± 0.3 kpc).
We also have estimated the cluster age using the
morphological age index (MAI) which was intro-
duced by Phelps, Janes, & Montgomery (1994).
We used the relation between the MAI and δV
given by Phelps et al. (1994) and Janes & Phelps
(1994),
MAI[Gyr] = 0.73× 10(0.256δV+0.0662δV
2), (2)
where δV represents the V magnitude difference
between the RGC and the MSTO of the clus-
ters. From the value of δV derived in Section IV,
1.6± 0.2 mag, we obtain a value for the age, MAI
= 2.8 ± 0.6 Gyr. Even though the MAI was only
intended to provide a relative age ranking of clus-
ters, this age is consistent with the value obtained
above from the isochrone fitting within the error
range. Figure 5 shows the Padova isochrone fitting
with three age values of 2.0 (left dotted lines), 2.4
(solid lines), and 2.8 (right dotted lines) Gyr. Fi-
nally, we take the age and the metallicity of Tr 5
as 2.4 ± 0.2 Gyr and [Fe/H] = −0.30 ± 0.10 dex,
respectively.
6. Discussion
6.1. Comparison with the Results of Kaluzny
Kaluzny (1998) has obtained the age of Tr 5 to
be ∼ 4.1 Gyr by estimating the ∆(B − V ) and
∆(V −I) (the difference in color between the clus-
ter’s MSTO and the red giant branch at the level
of the clump). But the difficulty in estimating
the position of the MSTO, as he stated, as well
as the locus of red giant branch and the position
of the RGC itself, gives difference in the obtained
ages between that of Kaluzny and ours (2.4 Gyr).
Kaluzny also obtained the reddening values of Tr
5, E(B − V ) = 0.58 and E(V − I) = 0.765, by
comparing the colors of the RGCs of Tr 5 and
M67 assuming the age of 4.1 Gyr and metallicity
the same as that of M67 for Tr 5. He derived the
distance of Tr 5 as (m −M)0 ≈ 12.4 by compar-
ing the I-band luminosity of the RGC of Tr 5 and
the absolute I-band luminosity of red clump stars
in the solar vicinity obtained from the Hipparcos
distances (MI = −0.26).
In Figure 6 we showed the Padova isochrone
fittings using the parameters of Tr 5 derived by
Kaluzny (1998) : age=4.1 Gyr, [Fe/H]=0.00 dex,
E(B−V ) = 0.58, E(V −I) = 0.765, AV = 2.947×
E(B − V ) = 1.71, and V − MV = 12.4 + AV =
14.11, on (a) the V − (B − V ) color-magnitude
diagram for the stars commonly contained in the
photometry files of observing runs #1 and #2, and
color-magnitude diagrams for the stars of observ-
ing runs #1, #2, and #3 in panels (b), (c), and
(d), respectively. It is clearly seen that the param-
eters given by Kaluzny do not fit well the color-
magnitude diagrams of observed stars.
Figure 7 shows the Padova isochrone fittings us-
ing the parameters of Tr 5 derived in this study:
age=2.4 Gyr, [Fe/H]=−0.30 dex, E(B − V ) =
0.60, E(V − I) = 0.80, AV = 3.26× E(B − V ) =
1.96, and V −MV = 12.64+AV = 14.60, on (a) the
V −(B−V ) color-magnitude diagram for the stars
commonly contained in the photometry files of the
observing runs #1 and #2, and color-magnitude
diagrams for the stars of the observing runs #1,
#2, and #3 in panels (b), (c), and (d), respec-
tively. Comparison of Figures 6 and 7 shows that
the parameters derived in this study better fits the
observed color-magnitude diagrams. Since the ra-
tio of field stars and binary stars to the member
stars of Tr 5 might increases as we go from panels
(a) to (d), the good fitting of the isochrone in Fig-
ure 7 (a) (and (b)) is noteworthy among the four
panels.
6.2. [Fe/H]–Galactocentric Radius Rela-
tion
It is known that open clusters that are mainly
in the Galactic disk follow the negative radial gra-
dient of metallicity just as H ii regions, bright blue
stars, red giants, and planetary nebulae (Portinari
& Chiosi 1999; Hou, Prantzos, & Boissier 2000).
From the studies of open clusters, various authors
have presented the slope of the Galactocentric ra-
dial [Fe/H] gradient (∆[Fe/H]/Rgc) : −0.091 ±
0.014 dex kpc−1 (Friel 1995), −0.09 dex kpc−1
(Carraro, Ng, & Portinari 1998), −0.086 ± 0.011
dex kpc−1 (Park & Lee 1999), and −0.06 ± 0.01
dex kpc−1 (Friel 1999). Based on updated abun-
dance calibration of spectroscopic indices measur-
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ing Fe and Fe-peak element blends on 39 old open
clusters, Friel et al. (2002) have estimated the
abundance gradient of −0.06 ± 0.01 dex kpc−1
over a range in the Galactocentric radii of 7 to
16 kpc. From compilation of 119 open cluster cat-
alogs, Chen, Hou, & Wang (2003) have estimated
the gradient of −0.063± 0.008 dex kpc−1.
Compiling the data of old open clusters given
by Friel (1995), Wee & Lee (1996), Kassis, Friel,
& Phelps (1996), Lee (1997), Ann, Park, & Kang
(1998), and Friel et al. (2002), we made our cat-
alog file of 50 old open clusters. We adopted
the Galactocentric distance of the Sun as 8.5
kpc. Figure 8 shows the Galactocentric radial
[Fe/H] gradient for the 50 old open clusters. Open
square and filled square are the position of Tr 5
based on the parameters given by Kaluzny (1998;
Rgc = 11.32 kpc) and this study (Rgc = 11.71
kpc), respectively. The solid line is a least-squares
fit to the data that yields an [Fe/H] gradient of
∆[Fe/H]/Rgc = −0.064 ± 0.010 dex kpc
−1. This
value is in good agreement with the values ob-
tained by others, especially with the values derived
from recent studies and the position of Tr 5 in Fig-
ure 8 obtained by using the parameters derived in
this study is more consistent with the mean trend
of the other old open clusters.
7. Summary and Conclusions
We have presented the analysis of the photom-
etry of the old open cluster Tr 5 using the CDS
archival data obtained by Kaluzny. We have rede-
termined the reddening, distance, metallicity, and
age of this cluster and summarized them in Table
1. These parameters are more consistent with the
Galactocentric radial [Fe/H] gradient from other
old open clusters.
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Fig. 1.— The fields covered by the three observ-
ing runs superposed on the Digitized Sky Sur-
vey image of Tr 5. The center of the image is
α2000 = 06
h 36m 32s, δ2000 =+09
◦ 29′ 25′′, and
the size of the field is 30′× 30′. North is at the
top and east is to the left. Regions labeled “1”,
“2”, and “3” represent, respectively, the regions
covered by the observing runs of #1, #2, and #3.
See text for the details.
Fig. 2.— Photometric errors from CDS data given
by Kaluzny (1998) as a function of magnitude.
Top rows are for observing run #1, middle rows
are for the run #2, and bottom rows are for the
run #3. Left panels are for stars of good pho-
tometric qualities and right panels are for all the
observed stars.
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Fig. 3.— Color-magnitude diagrams of Tr 5. Up-
per panels are for stars of good photometric quali-
ties and lower panels are for all the observed stars.
Panesl (a) and (d) are for observing run #1, (b)
and (e) are for the run #2, and (c) and (f) are for
the run #3. The crosses represent the positions of
the red giant clump (RGC).
Fig. 4.— V − (B − V ) (panels (a) and (c)) and
V − (V − I) (panels (b) and (d)) color-magnitude
diagrams for the 130 stars commonly contained
in the photometry files of observing runs #1 and
#2. The solid lines represent the ZAMS relation
(Sung & Bessell 1999, Sung 2001) and the Padova
isochrones (Bertelli et al. 1994), which are red-
dened by E(B − V ) = 0.60 and E(V − I) = 0.80
and shifted according to the distance modulus of
V −MV = 14.6 ((a) and (b)) and V −MV = 14.2
((c) and (d)). The distance modulus of V −MV =
14.6 gives better fit to the main-sequence and sub-
giant branch.
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Fig. 5.— The Padova isochrone fitting on the V −
(B − V ) (a) and V − (V − I) (b) color-magnitude
diagrams with three age values of 2.0 (left dotted
lines), 2.4 (solid lines), and 2.8 (right dotted lines)
Gyr.
Fig. 6.— The Padova isochrone fitting using the
parameters of Tr 5 derived by Kaluzny (1998) :
age=4.1 Gyr, [Fe/H]=0.00, E(B − V ) = 0.58,
E(V −I) = 0.765, AV = 2.947×E(B−V ) = 1.71,
and V − MV = 12.4 + AV = 14.11, on (a)
the V − (B − V ) color-magnitude diagram for
the stars commonly contained in the photometry
files of the observing runs #1 and #2, (b) the
V − (V − I) color-magnitude diagram for the stars
of the observing run #1, (c) the V −(B−V ) color-
magnitude diagram for the stars of the observing
run #2, and (d) the V − (B−V ) color-magnitude
diagram for the stars of the observing run #3.
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Fig. 7.— The Padova isochrone fitting using
the parameters of Tr 5 derived in this study :
age=2.4 Gyr, [Fe/H]=−0.30, E(B − V ) = 0.60,
E(V − I) = 0.80, AV = 3.26× E(B − V ) = 1.96,
and V − MV = 12.64 + AV = 14.60, on (a)
the V − (B − V ) color-magnitude diagram for
the stars commonly contained in the photometry
files of the observing runs #1 and #2, (b) the
V − (V − I) color-magnitude diagram for the stars
of the observing run #1, (c) the V −(B−V ) color-
magnitude diagram for the stars of the observing
run #2, and (d) the V − (B−V ) color-magnitude
diagram for the stars of the observing run #3.
Fig. 8.— Radial abundance gradient for 50 old
open clusters. The solid line is a least-squares fit
to the data that yields an abundance gradient of
∆[Fe/H]/Rgc = −0.064± 0.010 dex kpc
−1. Open
square and filled square are the position of Tr 5
based on the parameters given by Kaluzny (1998)
and this study, respectively.
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